Introduction
Thoracolumbar region is the most commonly affected region of spine in trauma, with fall from height being the most common cause. Dorsolumbar junction is more susceptible, as it is located between the stiff kyphotic dorsal spine and more mobile lordotic lumbar spine.
1 More than 50% of thoracic and lumbar injuries occur between T11 and L1. Overall, 20 to 40% of these fractures are associated with neurological deficits. 3 Contiguous and noncontiguous spine injuries are present in up to 17 to 20% of cases.
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Despite the frequency of these injuries, there remains considerable controversy regarding the most appropriate treatment. There are many factors that make assessing and treating patients with injuries to the spinal column and spinal cord demanding. 5 The management of thoracolumbar fractures has evolved considerably with time, but there are certain areas where there is still no consensus. We reviewed the current diagnostic and therapeutic approach to this injury.
Evaluation
A thorough history should be obtained and the severity of trauma is noted, whether its high-energy or low-energy trauma. These patients are usually involved in high-energy trauma and have multiple associated injuries. 6 Initial management should begin as per the protocol of advanced trauma life support. 7 Treatment priorities include resuscitation and treatment of life-threatening injuries first, followed by mechanical restoration of injured osteoligamentous column and preservation or restoration of neurological function. At all-time cervical spine protection and log roll technique to transfer the patient should be used. A systematic approach would ensure that no injury is missed. The treating surgeon should take time to document the neurological status and associated injuries due to the medico legal significance of such cases. The neurological examination should consist of motor power testing, sensory testing, examination of reflexes, and bladder/bower involvement. Spinal shock is a commonly used term but is poorly understood. It refers to a temporary dysfunction of spinal cord, with a loss of reflexes and sensorimotor function caudal to the level of injury. It is manifested by absence of anal wink and bulbocavernosus reflexes and by flaccid paralysis. The return of bulbocavernosus reflex heralds the resolution of spinal shock. An accurate evaluation of neurological status is possible once the bulbocavernosus reflex returns and the spinal shock ends. Differentiation between incomplete and complete spinal cord injury is possible only after this. Complete spinal cord injury is manifested by the total absence of sensory and motor function below the injury level. In an incomplete cord injury, some residual function is preserved below the level of injury. Incomplete cord injury may manifest with any of the following four syndromes: Brown-Sequard syndrome, central cord syndrome, and anterior and posterior cord syndrome.
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Neurogenic shock refers to hemodynamic instability which accompanies spinal cord injury. It occurs because of the loss of sympathetic tone to peripheral vasculature and heart. It is manifested by the triad of bradycardia, hypothermia, and hypotension due to absent thermoregulation. This should be identified early as the management of neurogenic and hypotensive shock is very different. Hypotensive shock is managed with fluid and blood replacement while neurogenic shock is managed with vasopressors. Vigorous fluid administration in neurogenic shock may lead to pulmonary edema.
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Imaging
Radiographs should include an anteroposterior (AP) and lateral view of the involved region. In lateral view following should be noted: vertebral body heights, alignment, angulation of spine, fracture of posterior wall cortex, and retropulsion of fragment into canal. In AP view, we look for alignment, interpedicular widening, and spinous process position. The plain radiographs have the limitation of not adequately visualizing thoracic spine, craniocervical junction, and cervicothoracic junction. The newer digital radiographs have overcome this limitation to some extent.
Computed tomographic scan is quick to perform and useful in polytrauma and unconscious/intoxicated patients. Detailed thin sliced (1 mm) axial CT scans with sagittal and coronal reconstructions scan further delineate the spinal fracture.
11
Frequently, CT scan is performed for thoracic/abdominal trauma and spine evaluation can be performed without any increase in time or radiation. We routinely screen the whole spine to avoid missing any noncontiguous cord injury. Magnetic resonance imaging (MRI) is recommended for patients with neurological injuries to determine the extent of cord or cauda equina injury, epidural hematoma, and posterior longitudinal ligament complex integrity.
12,13 The phase-locked loop integrity is a critical component of spinal stability and frequently guides the management of the fracture. 14, 15 There is an increase in severity of injury/change in classification once MRI is added to their protocol. 16 However, Vaccaro et al in their prospective study to assess the accuracy of MRI in detecting posterior ligamentous complex (PLC) injury have concluded that PLC status could not be determined by MRI in isolation. 17, 18 The radiographic appearance of the fracture might not be accurate because of its closed reduction, which occurs when the patient is placed on a backboard. However, a careful clinical evaluation (history, mechanism of injury, local swelling, a palpable defect in interspinous ligaments, and a neurological deficit) and completed imaging studies (plain radiographs, CT scans, and MRI) can identify all the injuries.
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Edema extending more than two levels and presence of hematoma within the spinal cord are suggestive of poor prognosis.
Fracture Classification
To decide management, one needs to classify the fracture correctly. The classification system used should be reliable, reproducible, and certainly should help surgeon in deciding the management and evaluating outcome. Many classification systems have been described to guide the surgical treatment of thoracolumbar injuries. Traditionally, these injuries were classified by Denis three column concept. 20 These three columns are anterior, middle, and posterior, which are not detailed enough to account for all the fracture type. Of these three columns, the middle column provides the greatest mechanical stability. Other classification systems include Nicoll, Holdsworth, Magerl, AO, and Load sharing classification. [21] [22] [23] [24] These classifications describe a static view of the injury and lack any treatment value. AO classification is too complex, lack reliability, and is difficult to apply in daily practice. Moreover, it does not take into consideration the neurological status of the patient
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(►Table 1). Currently, the classification system described by McAfee et al is the most widely used 25 (►Fig. 1).
An ideal classification system should accurately describe the fracture, neurological status, stability, and determine the need for and potential type of surgery. The search for an ideal classification seems to end with the introduction of thoracolumbar injury severity score (TLISS) by spine trauma study group led by Vaccaro et al. 15 This system quantifies the severity of injury and decides the management accordingly. This is one of the first classifications which included neurological function in its classification/score, the three main characteristics are as follows: (1) injury morphology, (2) neurological status, and (3) integrity of the PLC (►Table 2). Studies analyzing the interobserver reliability of this system have shown good reliability and reproducibility. 26, 27 We are regularly using TLICS in our practice and have found it really helpful. Whether one is using this system or not, but these three factors are always in one's mind while deciding the management of the patient.
Operative versus Nonoperative Treatment Options
Methylprednisolone was widely used initially after the recommendation of NASCIS II. 28 Multiple flaws in the study and conflict of interest in these studies were later detected, which makes its use controversial. However, most centers continue to use steroids in spine injury for fear of litigation.
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The aim of the treatment is restoration of maximum function of the patient, facilitating nursing care, and possibly neurological improvement or at least preventing further deterioration. The advantage of nonoperative method of treatment has been to avoid operative morbidity, such as, infection, iatrogenic neurological injury, pseudoarthrosis, implant failure, and complications of anesthesia. This option is reserved for patient with TLICS < 3 and stable compression or burst fractures. Bracing has no role in traumatic thoracolumbar fractures, whether nonoperatively or operatively treated. 
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Surgery is indicated, if the fracture is unstable or there is neurological deficit. Their criteria are as follows: loss of height > 50%, Kyphotic deformity > 30 degrees, PLC injury, progressive deformity, and progressive neurological deficit. Surgery is often decided by looking for the integrity of posterior ligamentous complex. One true indication for surgical intervention is the presence of progressive neurological deterioration in the presence of cord compression. When direct spinal canal decompression is promptly performed in such an injury, neurological recovery has been observed.
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Surgeon
Surgeon's expertise and available resources also have an important impact on types of intervention undertaken. In certain areas of the world where prolonged hospital care with bed rest is economically unviable, a surgical route will be undertaken to reduce costs for an injury that would easily be treated nonoperatively. If well-trained surgeons and hospital-based equipment is not available, then nonoperative treatment or referral to a properly equipped surgical center should occur. When deciding to manage the patient, the orthopedic surgeon is faced with the following three questions: whether to operate or not to operate, which approach to use, and how many levels to be fused.
Timing of Surgery
Early decompression has proven benefit in case of progressive neurological deterioration. In animals, rapid decompression appears to correlate with enhance recovery, but these benefits have not been shown in human studies. 43, 44 It may be prudent to postpone definitive surgery till the patient is stabilized hemodynamically and associated injuries have been excluded. There is considerable controversy with regards to the timing of surgery in the presence of neurological injury. Animal studies that showed early intervention had better results, which have failed to be proven in clinical setting in humans. Studies relating to timing of surgical intervention are few, and they relate to cervical cord injuries. We feel that the timing of surgery depends on hospital logistical and resource issues. It is not prudent to take the case in the middle of night. A skilled operative and anesthesia team ready to perform the surgery with adequate preoperative planning is more important than any patient-related variable, except occurrence of neurological deterioration. If the anterior approach is chosen, it is beneficial to wait 3-4 days after the injury which allows the period of hyperemia at the fracture site to resolve which decreases bleeding during the procedure. 45 
Surgical Approaches
Literature is still divided on the choice of approach. The choice of approach and need for decompression is corelated. If the patient has a neurological deficit and needs decompression then anterior approach would be suitable. 45 Improved outcomes have been shown with the anterior approach. This has to do with the improved ability to decompress the canal with anterior approach. The odd of failure with posterior instrumentation is predicted by McCormack score. 46 Posterior fixation is used for low-point total fractures (six or less) and anterior fixation only for highpoint injuries (seven or more). Injuries with translational displacement are treated with posterior fixation only in lowpoint injuries (less than seven) and a posterior followed by anterior approach for high-point injuries (seven or more).
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Load sharing between the implant and host bone is a fundamental principle that allows bone healing and prevents implant failure. If highly comminuted and displaced vertebral fractures are treated with posterior instrumentation only, pedicle screw breakage commonly occurs, as the load sharing across the fracture site itself is poor. When a single vertebral body is highly comminuted, anterior reconstruction of the spinal column and anterior instrumentation is superior to posterior fixation. Ligamentotaxis with posterior instrumentation is effective in reducing the retropulsed fragment only when done within a week or so. [48] [49] [50] Combined anterior and posterior approach is used when canal is compromised circumferentially, severe coronal or sagittal plane deformity (> 40 degrees) or when structural augmentation is deemed necessary (osteoporosis, multiple contiguous levels of injury etc.).
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Although, no definitive literature exists supporting the benefits of decompression, but spine surgeon would decompress in a patient with neural compression having neurological deficit.
52 Some animal studies do support decompression to restore regional blood flow. 53 Direct decompression is not indicated if the patient has no neurological deficit even with significant canal encroachment at presentation, because this is not related to the development of a subsequent deficit. No studies have found a direct correlation between the percentage of canal compromise and severity of neurological deficit. 54 An indirect decompression often is accomplished during operative stabilization for thoracolumbar injuries. Excellent spinal canal decompression can be achieved by either a posterolateral, transpedicular, or an anterior approach. The approach that affords the best opportunity for decompression is selected when a direct decompression is deemed warranted because fixation options have become more versatile, and stable fixation usually is possible with either anterior or posterior fixation and rarely combined fixation is necessary depending on which anatomical structures are injured. The options available to reconstruct the spinal column are full-thickness autologous iliac strut graft; cage spacer filled with autograft from the vertebrectomy and excised rib. Use of the modular cage avoids the large iliac crest donor site pain. Regardless of the fixation system used, one must be careful not to over distract the fracture site. The normal sagittal and coronal spinal alignment must be restored with or without fully correcting the vertebral height. Overzealous distraction using a principle of ligamentotaxis creates a gap (empty space) at the fracture site which further decreases the load sharing of the axial forces between the implants and the fractured body, and also creates a risk of pseudoarthrosis and implant failure. Failure of the posterior systems occurs by breakage, bending, or loosening in patients. Whatever be the approach, these patients should be given prophylaxis for deep vein thrombosis. This may include use of intermittent pneumatic compression devices, static compression stockings, and in pharmacologic prophylaxis (low-molecular-weight heparin)
Length of Fusion
Long segment fusion (instrumentation two or more levels above and below the fractured site) is stronger and stiffer than short segment fixation (instrumentation one level above and below the fractured vertebra); however, it sacrifices spinal motion. The location of the fracture can influence the surgeon's choice of fusion. A long fusion in the upper and middle thoracic spine does not reduce patient's spinal mobility and function very much. However, the thoracolumbar and lumbar spines are functionally very important. Preservation of mobility in these segments of the spinal column is fundamental-particularly in manual workers whose jobs require increase demands on the spine. Long construct may be more suitable in the setting of comminution and osteoporosis. Short-segment fixation may lead to higher rates of instrumentation failure and pseudoarthrosis when used for unstable injuries (e.g., extensive comminution, osteoporosis, and fractures of the thoracolumbar junction).
Pedicle screws provide three column bony fixation. One can safely use short segment pedicle screw-based fixation for low point total (6 points or less) spinal fractures without translation. When the pedicles are large enough to accept pedicle screws, we never use hooks and/or wires. While out of bed, the patient must wear a brace for 6 to 8 weeks until the fusion consolidates.
Anterior short segment instrumentation and fusion is used for patients with point totals of 7, 8, or 9 who have no translational displacement, for example, a fracture dislocation. Fracture dislocations are treated with posterior long-segment instrumentation and/or anterior procedures to reconstruct very severely comminuted vertebral bodies at the apex of these injuries.
Minimally Invasive Treatment of Thoracolumbar Fracture
Open surgery is associated with high morbidity, increased infection risk, and postoperative pain. To circumvent these problem, minimal invasive technique has been developed. 55, 56 The indications are as follows:
1. Posterior surgery following anterior decompression and reconstruction. 2. Percutaneous instrumentation in polytrauma. 3. Ankylosing spondylitis. 4. Alternative to bracing.
Minimally invasive instrumentation is technically demanding and may sometimes not be feasible, such as when patient requires direct decompression. The use of ver tebroplast y or k yphoplast y with or without supplemental fixation is still under investigation.
Rehabilitation and community reintegration is a must. A good rehabilitation process may help many of these patients to return to their productive life earlier. If not managed properly, the late consequences of delayed neurologic deficit and painful kyphosis may significantly impair the quality of life of patient.
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Conclusion
Proper assessment and evaluation of these injuries are essential. Controversies still exist over indications of surgery, choice of approach, and length of fusion. In the absence of neurological insult, these injuries can be managed conservatively. In unstable injury with or without neurological deficit, surgical intervention is r e com m e nd e d . T L I S S i s h el p f u l i n g u i d i ng t h e management of the patients. Appropriate management and early rehabilitation helps to return many of such victims to productive lives earlier.
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